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Introduction
LiMPO 4 (M = Fe, Co, Ni, Mn, and combinations thereof)) compounds have been considered to be among the most promising cathode materials for lithium-ion batteries intended for applications in electric vehicles (EVs) or renewable energy systems, due to their excellent electrochemical performance, low cost, and environmental friendliness. LiMPO 4 cathode materials for lithium-ion batteries [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
So far, Li 2 FeP 2 O 7 as cathode for LIBs suffers from the low rate capability or poor cycling stability because of its low electronic and ionic conductivity [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . As the counterpart of Li 2 FeP 2 O 7 , LiFePO 4 also showed the low electronic and ionic conductivity [3, 6, 7] . However, over the past decades, simple and effective techniques, including carbon coating, morphology control, particle size reduction, and aliovalent doping, have been made to overcome this obstacle to the application of LiFePO 4 [1] [2] [3] [4] . Among these techniques, aliovalent doping was intensively investigated as one of most effective techniques to improve the electrochemical performance of LiFePO 4 , as the electronic and ionic conductivity of LiFePO 4 was critically increased by several orders of magnitude through a small amount of aliovalent doping [19, 20] . 
Materials characterization
The phase identification of the Li 2 Fe 1-3x/2 V x P 2 O 7 (x = 0, 0.025, 0.05, 0.075, and 0.1) compounds was carried out by synchrotron X-ray diffraction (SXRD, Melbourne, Australian Synchrotron). The SXRD data were collected over a 2θ range of 3 -80° with a step size of 0.0038°, using a wavelength of 0.825 Å. system at room temperature. The specimens used for electronic conductivity measurement were disk-shaped pellets with 8 mm in diameter and 1.5 mm in thickness.
Electrochemical measurements
The electrochemical characterization of the Li 2 
Results and discussions
The synchrotron X-ray powder diffraction (SXRD) and refinement data for Li 2 Table 1 . As shown in Table 1 and Figure A schematic illustration of the SXRD refined structures of Li 2 Fe 1-3x/2 V x P 2 O 7 is shown in performance [37] [38] [39] [40] . Therefore, it is expected that the electrochemical performance of Li 2 Fe 1-3x/2 V x P 2 O 7 could be enhanced by vanadium substitution on the Fe2 sites.
The magnetic properties are widely used to determine magnetic interactions, sample purity, transition metal oxidation states, and structural ordering [29, 35, 36, 41] . The magnetic susceptibility, χ, of Li 2 Fe 1-3x/2 V x P 2 O 7 (x = 0, 0.025, 0.05) from 2 to 300 K is shown in Figure 4 (a). Typical ferrimagnetic behaviour can be found in the low temperature range (Figure 4(a) ), which is similar to the previous report on the vanadium doping LiFePO 4 [29] .
The Curie Weiss law, χ -χ
, where χ 0 is the temperature-independent contribution to the susceptibility, T is the absolute temperature, C M is the material dependent
Curie constant, and Θ is the Weiss constant, was used to fit the paramagnetic part of the dependence (inset of Figure 4(a) ). The magnetic parameters of Li 2 Fe 1-3x/2 V x P 2 O 7 (x = 0, 0.025, and 0.05) calculated from the fitted inverse susceptibility curves (inset of Figure 4 (a)) and the dM/dT curves (inset of Figure 4 (b)) are listed in Table 2 . As shown in Since the preparation method is the same, and the difference in the vanadium content is small, the morphology is similar for all the samples. Here, we select the scanning electron Initial charge-discharge curves and the cycling performance of Li 2 Fe 1-3x/2 V x P 2 O 7 (x = 0, 0.025, 0.05, 0.075, and 0.1), measured in the voltage range of 2.0 -4.5 V, are shown in Figure   7 . As shown in Figure 7( The low degree cation disorder was beneficial to lithium-ion extraction/insertion during the charge-discharge process, and hence enhances the capacity and rate capability.
Conclusions
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